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Abstract 

Longitudinal-field muon spin relaxation (LF-/^SR) experiments have been performed in unannealed and annealed 
samples of the heavy-fermion compound UCu4Pd to study the effect of disorder on non-Fermi liquid behavior in 
this material. The muon spin relaxation functions G{t, H) obey the time-field scaling relation G{t, H) = G{t/H^) 
previously observed in this compound. The observed scaling exponent 7 = 0.3±0.1, independent of annealing. Fits of 
the stretched-exponential relaxation function G{t) = exp[— (At)^] to the data yielded stretching exponentials K < 
1 for all samples. Annealed samples exhibited a reduction of the relaxation rate at low temperatures, indicating 
that annealing shifts fluctuation noise power to higher frequencies. There was no tendency of the inhomogeneous 
spread in rates to decrease with annealing, which modifies but does not eliminate the glassy spin dynamics reported 
previously in this compound. The correlation with residual resistivity previously observed for a number of NFL 
heavy-electron materials is also found in the present work. 
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1. Introduction spin fluctuations in these materials [1]. The noise 

spectrum exhibits divergent behavior at low fre- 
Muon spin relaxation (/iSR) experiments in a quencies, with an increase in low-frequency noise 
number of /-electron non-Fermi liquid compounds PO^er that correlates with increasing disorder as 
and alloys have revealed anomalous behavior in measured by the residual resistivity. Specifically, 
the low-frequency spectrum of thermally-excited the longitudinal-field ^SR (LF-/iSR) relaxation 

function G{t, H) obeys a time-field scaling rela- 

tion G{t,H) = G{t/H^), which is indicative of a 
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t^~^ for the /-ion spins [2]. This behavior was pre- 
viously observed in spin glasses above the freezing 
temperature Tg [2,3] and in a number of NFL 
systems [1,4,5,6]. However, in the NFL systems 
studied to date there is no spin freezing down to 
low temperatures. 

One such disordered NFL compound is UCu4Pd, 
which in its as-cast (unanncalod) form exhibits 
a large residual resistivity (300 400 fiH. cm) and 
strongly inhomogcncous static NMR and /iSR 
Knight shifts [7] and relaxation rates [4]. In 
UCu4Pd /iSR relaxation [4,5] and inelastic neutron 
scattering [8,9] values of the scaling exponent 7 
are fomid to agree (7 w 0.3), indicating a remark- 
able scaling of the spin dynamics scale over three 
orders of magnitude in frequency. EXAFS studies 
of UCu4Pd [10] showed that Cu-Pd site exchange 
was responsible for much of the observed disor- 
der. Subsequently, thermodynamic and especially 
transport properties of UCu4Pd were found to 
depend strongly on annealing [11], which EXAFS 
measurements [12] showed decreased the degree of 
site-exchange disorder. 



2. Experimental Results 

We have carried out LF-/xSR experiments in 
unannealed and annealed samples of the heavy- 
fermion compound UCu4Pd to study the effect of 
disorder on non-Fermi liquid behavior in this ma- 
terial. The measurements were carried out using 
the Low Temperature Facility at the Paul Scherrer 
Institute, Villigen, Switzerland. Data were taken 
on an unannealed sample and on samples annealed 
for 1 and 2 weeks at 750°C. 

Time-field scaling was observed for all samples. 
An example is given in Fig. 1 , which shows a scaling 
plot of G{t,H) vs t/H'^ at 50 mK for the 2-week 
annealed sample. The value of the scaling exponent 
for best overlap of data is 7 = 0.3±0.1, close to 
the value 0.35 found previously from experiments 
on an unannealed sample [4]. 

Fits to the LF-/LtSR data were made using the 
stretched-cxponential relaxation function G{t) = 
exp[— (At)^], where A is a characteristic muon spin 
relaxation rate (1/A is the time for decay of G{t) 
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Fig. 1. Scaling plot of asymmetry relaxation func- 
tion G{t,H) versus scaling variable t///T,7 = 0.03, in 
UCu4Pd, unannealed and annealed for 1 and 2 weeks. 

to 1/(3 of its initial value), and K < 1 parameter- 
izes the inhomogeneous spread in relaxation rates. 
Figure 2 shows the temperature and field depen- 
dence of A from these fits. Both the 1-week and 
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Fig. 2. Temperature and field dependence of relaxation 
rate A from fits of stretched-cxponential relaxation func- 
tion G(t) = exp[— (At)^^] in UCu4Pd, unannealed and an- 
nealed for 1 and 2 weeks. The dashed line of slope —0.3 is 
shown for comparison. 
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2-week annealed samples exhibit a reduction of 

A at low temperatures, indicating that annealing 
shifts fluctuation noise power to higher frequen- 
cies. This behavior is expected from the previously- 
observed correlation between low-temperature re- 
laxation and residual resistivity [1] . 

The field dependence, given in Fig. 2(b) for T = 
0.05 K, shows that A is roughly proportional to 
, 7 = 0.3, independent of annealing. Such a 
relation follows from time-field scaling if G{t, H) = 
G[A{H)t], as is the case for the stretched exponen- 
tial. The fact that 7 docs not depend on annealing 
suggests that the degree of disorder does not sig- 
nificantly modify the low-frequency divergence of 
the fluctuation noise spectrum responsible for the 
muon spin relaxation. 

The temperature and field dependence of the 
stretching exponential K are given in Fig. 3. 
Surprisingly, there is no tendency of K to increase 
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Fig. 3. Temperature and field dependence of strctcliiiig 
exponential K from fits of stretched-exponential relaxation 
function G(t) = exp[— (At)^] in UCu4Pd, unannealed and 
annealed for 1 and 2 weeks. 

with annealing towards the value K = 1 expected 
in an ordered sample; indeed, Fig. 3 shows that K 



decreases (and becomes more nearly independent 
of both temperature and field) in the 2-week an- 
nealed sample. This behavior indicates that while 
annealing shifts fluctuation noise power to higher 
frequencies it does so in an inhomogeneous manner 
that increases the spread in relaxation rates. As 
previously noted [4], the tendency of K to increase 
towards 1 at low temperatures may indicate more 
efficient averaging over the disorder, associated 
with an increasing correlation length as a low- or 
zero-temperature phase transition is approached. 



3. Conclusions 

Our LF-/iSR results indicate that the glassy spin 
dynamics reported previously in this alloy [4] are 
modified but not eliminated by annealing. (Here 
the term 'glassy spin dynamics' designates slow 
paramagnetic-state fluctuations where the transfer 
of spectral weight to low frequencies is due to ran- 
dom and/or frustrated interactions between spins.) 
The correlation with residual resistivity previously 
observed for a number of NFL heavy-electron ma- 
terials is also found in the present work. As previ- 
ously found from comparison of a number of differ- 
ent NFL systems [1,6], low- frequency divergences 
characterize NFL spin ffuctuations independently 
of the degree of disorder with, however, a strong 
increase of low-frequency fluctuation noise power 
in disordered NFL materials. 
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